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Abstract
In this paper we will present results of the project „Study of the establishment of the regional cycling route Srem“. The overall 
objective is the improvement of the socio-economic situation of the Srem region within the Danube-Serbia region, by means of 
building a sustainable cycle tourism infrastructure as a prediction for the development of the tourism sector. The planned route of 
the main regional cycling routes through Srem area was identified in the Regional Spatial Plan of AP Vojvodina, as a national 
bicycle corridor. The total route length of 142 km and through Fruska Gora mountain is 104 km. In addition to this basic route
area take into account the other routes that are logical and functional solution for the route Srem. The use of the existing road is 
mainly for tourism purposes but largely used as a forest road, which affects his rapid deterioration. The area through which the 
main trail passes is very important but under-utilized tourism potential, given the almost the entire length stretches through the 
National Park. There are large number of lakes, wine trails, monasteries and other tourist attractions. However, on the primary 
bicycle route no cycling signs or objects that would provide the necessary services to cyclists exists. Also, there are no maps and 
other materials that would inform cyclists on the route and to provide the necessary service information and data on tourist 
facilities. By implementing the results of these Study will significantly increase the attractiveness of the route and will create 
conditions for the development of the cycle tourism in Serbia.
The final project outputs include:
1. Analysis of traffic flow- supply and demand on the relevant route, analysis of traffic safety with a focus on the cyclists,
2. Defined bicycle route Srem and measures to improve the current situation (the existing infrastructure, critical sections, 
potential locations for rest areas, services, accommodation facilities, measures to improve bicycle safety along the route trails, 
guiding the route from the border with the Republic of Croatia, Euro Velo 6 connection with the Srem bicycle route).
3. De-tour routes along the main route linked with the important cultural, historical, natural and religious facilities.
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4.Project signalization and information boards along the proposed bicycle network (unified guiding principles of the presented
maps, situational plans of bicycle signals with defined directions in which to set up in GPS coordinates, Detailed drawings of 
each of the planned panel, Project for signposts installation, Standard solutions for the placement of signs
5. Design of the bicycle stations and rest areas (Defined the conditions, the optimal number and distribution of rest areas, locating 
them only in public land,
6. Regional cycling map of the route
7. A simple Cost-Benefit analysis.
© 2016The Authors. Published by Elsevier B.V..
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM).
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1. Introduction
Fruska Gora is a small mountain located in the southern part of the Pannonia Plain, which is on the territory of 
Serbia and Vojvodina declared as a national park. Fruska Gora is very rich in forests. There are a lot of natural 
beauties, viewpoints, lakes, monasteries, wine roads and other tourist attractions. Due to the location of natural 
beauties and facilities Fruska Gora attracts a large number of tourists, but a small part of them are cycling tourists. 
The potential for the development of cycling tourism in Fruska Gora is very large, because nearby the mountain two 
major EuroVelo international cycle routes pass: EuroVelo 6 and 11 %RJGDQRYLü3DSLü6LPHXQRYLü5XãNLü6DXOLü
	0LWURYLü6LPLü. This fact has been recognized in the Regional Spatial Plan of Vojvodina (Vojvodina, AP, 
2011), which proposed several regional bike routes.
Fig. 1. EuroVelo routes passes through Serbia and in neighbour countries.
A special advantage is the fact that on the reef of the national park Fruska Gora there is a road connecting eastern 
and western slopes, where the volume of road traffic is very low. On the west side there is the possibility of 
connecting the cycling route over the top of the Fruska Gora (future route Srem) with the Srijem bicycle route in 
Croatia. The southwest and southeast side of this cycling route could be linked with the international bicycle route 
Sava. On the northern and eastern side, route Srem can be connected with EuroVelo 6.
On the planned bicycle route there are no cycling signs or objects that offer acceptable level of service to the 
cyclotourists and bikers. Also, there are no maps and other material that would inform cyclists where the route is and 
to provide the necessary service information and data about tourist facilities.
In order to complete basic analysis and make a project of solutions for establishing a regional route Srem, it was 
necessary to form a starting informative base consisting of: basic information about the trail of the planned bicycle 
route and the position in the network, pavement condition on the trail of the bicycle route, pavement condition at the 
connections with EuroVelo routes, traffic regime, the distance between nodes/intersections on the network, the 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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characteristics of the traffic flow, safety features, as well as other data related to traffic conditions and comfort on a 
bicycle route.
The expected results of establishing bicycle routes Srem are:
x Creating conditions for the development of cyclotourism along the bicycle route Srem and other activities of the 
tertiary sector
x The development of recreational cycling in order to increase the health of the local population
x Promote the use of bicycles as a means of increasing the mobility of the population in accordance with the 
principles of sustainable development
x Increasing the number of available jobs and the number of new businesses in the services in tourism (rural 
household, restaurants, hostels, etc.)
x Definition of cyclotourism as a contribution to the promotion of natural and cultural-historical heritage and as a 
way of connecting with other regions in the EU
x Creating conditions for the implementation of regional projects in tourism, using national and EU funds
2. Analysis of the traffic flow characteristic at the bicycle route Srem
Analysis of the of the traffic flow characteristics on the proposed route included the following studies:
x Analysis of the traffic flow characteristics
x Analysis of the traffic safety features
x Study of transport infrastructure on the proposed route
x Study of the customer’s opinion about the potentials of the proposed bicycle routes
2.1. Analysis of the traffic flow characteristics
In order to determine the characteristics of the traffic flow and demands on the planned bicycle route a research 
about the intensity and structure of the traffic flow has been conducted. The research included a complete traffic 
counting on the cycling route Srem, where special attention was focused on the local road that stretches along the 
ridge of Fruska Gora. Namely, this road represents the largest and most attractive part of the route. The counting was 
conducted at 9 counting positions (CP), which have been shown in the following figure.
Fig. 2. Counting positions on the route.
Research results at the sample intersection have been shown at the following figures.
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                              Fig. 3. Hourly traffic volume Figure 4 Traffic flow structure structure (PA-passenger car, BUS – bus,
TV-heavy vehicle, AV-truck with trailer, BIC – bicycle)
2.2. Analysis of the traffic safety features
In order to determine the traffic safety features on the cycling route Srem, the total number of traffic accidents in 
the period of last ten years was analyzed, as well as the number of traffic accidents with the participation of cyclists.
Table 1.Traffic accident analysis on the cycling route Srem.
Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Total number of traffic accidents (TA) 75 71 63 85 101 62 42 43 20 30
TA with fatalities 22 17 22 27 39 19 15 16 11 18
TA without fatalities 53 54 41 58 62 43 27 27 9 12
TA with involvement of cyclists 6 3 3 6 10 3 2 3 4 3
Number of cyclist fatalities 0 0 0 0 1 0 0 1 0 0
Traffic accident analysis showed that there was not great number of traffic accidents with involvement of 
bicycles. In a period of 10 years, only 2 cyclists were killed at the proposed Srem route.
2.3. Research of pavement conditions on the cycle route Srem
Quality of pavement surface on a cycling route has a great influence on bicycle traffic conditions and the safety of 
cyclists. Traffic conditions and the safety of cyclists are mostly influenced by the fact whether there is a separated 
bicycle carriageway or bicycle traffic is mixed with motor vehicles. For this reason, the highest quality assessment of
the route can only be achieved in a situation where the bike carriageway is separated from the roadway and when the 
quality of the pavement surface on a bicycle route is satisfying. For the purpose of assessing the quality status of the 
pavement surface along the cycling route Srem, five categories of carriageway have been defined:
x Excellent - pavement surfaces of excellent quality, specially designed and marked for the movement of cyclists
x Good - the road surface without damage
x Solid - the road surface with small and poorly repaired damage
x Bad - the road surface is damaged on a large part of the section
x Very bad - damage to the pavement surface is very big, and it can endanger the stability of the bicycle 
Analysis of the pavement was done on the entire length of the bicycle route, the main route and connections to the 
bicycle route EuroVelo 6. Quality results of pavement surface on the bicycle route Srem in the current condition 
have been shown in the following table.
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                              Table 2. Pavement surface quality along the route.
Pavement quality Excellent Good Solid Bad Very bad Ȉ
Section length (km) 0 89.60 17.75 8.70 15.35 131.40
Besides, all other characteristics of the routes which are important for the establishment of bicycle routes, are 
researched, especially the size of the upgrades and downgrades. The figure below shows the differences in elevation 
at the selected part of the route. Average upgrades and downgrades have been shown in the following table.
Fig. 5. Elevation change at the part of the route Srem.
                                                 Table 3. Upgrades and downgrades on the part of the route Srem.
Distance Section Max upgrade Max downgrade
0+000 – 0+300 0+000 – 0+300 –
0+300 – 4+900 3+200 – 3+900
4+200 – 4+800
5.5%
8.0%
4+900 – 7+000 5+300 – 5+600 – 5.4%
7+000 – 7+500 7+000 – 7+500 –
7+500 – 12+800 9+000 – 9+600
11+200 – 11+500
6.0%
5.2%
2.4. Research of the user’s opinion about potentials of proposed bicycle route
In order to analyze the quality of bicycle traffic on the cycling route Srem two cyclists surveys were carried out. 
The first survey was carried out directly on the route at the same places where traffic counting was performed while 
the second survey was conducted through social networks. The survey of cyclists was conducted on 20 July 2014, at 
9 locations, over a period of eight hours (9:00 a.m. to 5:00 p.m.). Map of counting and survey positions has been 
shown at Figure 2.The survey results showed that at Fruska Gora recreational cycling currently dominates. Most of 
cyclists on Fruska Gora are residents of nearby cities, while a number of cyclotourists is currently very small. For 
this reason, the trip end was mainly located along the cycling route Srem.
In order to provide a better insight into the needs of cyclists in addition to the surveys carried out in the field, 
during August 2014 additional surveys via the Internet %RJGDQRYLüHt al., 2014) was conducted. The research was 
done through social networks. A survey form was available at the link:
https://docs.google.com/forms/d/16jQfzd97FIM7NrdQBzfYPFO2MEIvsXXI30S7RWTYASs/viewform?c=0&w=1
The survey covered various categories of cyclists: recreation alone-day biking excursions as well as cyclists who 
have experience in cyclotourism or cycling trip through Serbia and Europe.
The main objectives of the research have been summarized in the following few lines:
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x Consideration of positive and negative aspects of the network for bicycle traffic and cyclotourism on Fruska Gora 
from the system users point of view (cyclists from Serbia)
x cost estimation of cyclotourism for one user (accommodation, meals, sightseeing of cultural and natural 
attractions), and type of facilities for accommodation and food
x The interest of cyclists from Serbia for cultural and natural attractions tours.
x Collection of recommendations of users with experience in cyclotourism and one-day bike tours users, for further 
development, increasing accessibility and attractiveness of Fruska Gora cycling and cyclotourism
The survey results have been compared with the results of similar European studies in areas where they have been 
matched (Bennett, Tranter, & Blaney, 2003). Before presenting the results, the authors believe it is necessary to 
emphasize the great interest of cyclists from the region for the project to develop infrastructure for cycling on Fruska 
Gora. In addition to numerous positive comments from the survey respondents, the fact is that more than 90% of the 
responses were received in the first 48 hours of the online survey.
A great importance for the further course of development and implementation of the project is just a positive 
attitude of current and future users of the route, as well as the fact that the users’ opinion is involved in the procedure 
of evaluation of the proposed solutions (Bowker, Bergstrom, & Gill, 2007). For the authors, very interesting 
questions were the ones related to accommodation for determination of bicycle stations, stops and rest areas
capacity. The following table shows the percentages of categories of cyclotourism accommodation, which the survey 
respondents choose as appropriate for them.
                   Table 4. Pavement surface quality along the route.
Accommodation type Hotel Hostel Private house accommodation Camp and Couch Surfing
Percentage of potential users 8% 12% 64% 16%
Based on the answers of the average annual cost of cyclotourism, it can be seen that the respondents have 
approximately the same costs for accommodation and food. Category of other costs usually includes the cost of 
maintenance of bicycles and cycling equipment:
x Average annual accommodation costs – 235 EUR
x Average annual cost for food – 227 EUR
x Average annual cost of visits to cultural, historical and natural attractions – 70 EUR
x Other expenses – 192 EUR
3. Proposed technical solutions for establishing of the bicycle route Srem
In order to establish cycling routes and the use of all its resources in the planning period, it is necessary to give 
the proposal of certain technical solutions. After analysis and assessments of the situation the following technical 
solutions were proposed:
x Proposed trail of main and connection cycling routes
x Proposed detour routes
x Proposed map of all bicycle routes (main, connections and detour)
x Proposed traffic signs
x The proposed reconstruction of road network to be suitable for bicycle traffic
x Proposed bicycle stations and rest areas network
3.1. Proposed trail of main route with connections to EuroVelo6
After the analysis and assessment of the current state of the road network in the territory of Srem the most 
suitable trail for future bicycle route Srem has been determined. The main trail of the proposed bicycle route Srem at 
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its whole length is on a paved roadway, with variable quality. The maximum elevation along the route Srem is 
440 m, while the maximum slope will not exceed 10.1%. The following figure shows the trail of the proposed
regional bicycle route Srem.
Fig. 6. Proposed trail of route Srem.
3.2. Proposed detour routes at the route Srem
Tourist attractions around the proposed route Srem are mostly located outside the main trail of the route. In order 
to improve tourist offer of route Srem, 10 detour routes were defined. These routes were defined in order to provide 
a visit to interesting and attractive localities in accordance with the available roads suitable for bicycle traffic.
Fig. 7. Proposed detour route (called Monastery route, visiting 13 monastery of Fruska Gora).
3.3. Map for cyclists
After defining the main cycling routes, connections and detour routes, the map of cycling route Srem was made. 
A map is the basis for the establishment of each cycling route and it is an indispensable element for route promotion 
and marketing. The map consists of the following data: the web address of the project, a brief description and 
technical characteristics of the main route with a list of bike stations and rest areas and their contents, a brief 
description and technical characteristics of connection with EuroVelo6, a brief description and technical 
characteristics of detour routes. The technical characteristic gives data about the total length of the route, type of 
pavement, and for the main trail and connections with EuroVelo6 – maximal slope. In addition, for each route GPS 
coordinates of the start and end points were given. Under the main map, elevation profiles of the main route and 
connections were given.
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The inner side of the map shows the trail of the main route, connections and detour routes. The map also has 
marked following facilities: border crossings, ferry, bicycle repair services, bike stations and rest areas, springs of 
drinking water, restaurants, wine cellars, monasteries, museums, cultural and historical monuments and 
archaeological sites.
Fig. 8. Bicycle map (inner side).
3.4. Proposed traffic signs along the route Srem
The research in the field shows that traffic signals for cyclists do not exist. Establishment of bicycle routes Srem 
based on the existing, very poor traffic signs on the existing road network is not possible. For this reason the main 
design of traffic signals along the entire route was made.
The base of the traffic sign is blue, as usual, with the symbol of a bicycle and the logo of the bicycle route Srem. 
For easier understanding of guidance some parts of traffic signs have been made in different colours. The bar located 
in the lower part of the sign is variable in colour depending on it whether it is on the main route, connections or 
detour route. Any traffic sign or position where the sign is placed has their own inventory or identification position, 
which is located in the bottom right corner of the sign. Every traffic sign has the name of the website where cyclists 
can get more information about the route: www.srembike.rs
     Fig. 9. Bicycle traffic signs for main route (red) and connections (yellow).        Fig. 10. Bicycle traffic sign for detour route (purple).
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For detour routes, traffic signs were designed as information boards with basic details of the route. Those traffic 
signs have been placed at the beginning and end of the detour routes.
4. Cost-benefit analysis
The costs of establishing bicycle routes Srem include:
x The costs of studies and projects for establishing bicycle route Srem
x The costs of placing signs along the bicycle route Srem
x The cost of equipping the bike stations and rest areas along the bicycle route Srem
                                   Table 5. Expenses for establishing bicycle route Srem.
Expense Value
Study of establishment of the bicycle route Srem with main design of 
traffic signalization, rest areas, etc.
119,140.00EUR
Placing sings along the bicycle route Srem 7,184.00EUR
Equipping bike stations and rest areas along the bicycle route Srem 10,628.00EUR
Total 136,952.00EUR
Expected maintenance costs are planned to be approximately 100.00 EUR per month for a small maintenance and 
repairs. In addition, it has been planned to completely replace all traffic signals along the route every 7 years and the 
complete replacement of furniture at the rest areas every 10 years.
The basic parameter for the calculation of benefits was the spending of one cyclist who would use more than 
1 day to the route Srem (approximately 90 km). With regard to the EU average of cyclists spend about 65.00 EUR 
per day (Danube Floating Conference, 2015), for conditions in Serbia, lower value was taken into account. For 
foreign cyclotourists (FCT) in Serbia value it was reasonable to expect they will spend around:
SFCT = 40.00 EUR per day
The average time of stay of cyclotourists along the route of this length is estimated at 2 days. The domestic, 
recreational cyclists (DCT) will not stay longer than one day on the route. According to Serbia's GDP, as well as its 
relation to GDP in the EU27, spending would be about:
SDCT = 5.00 EUR per day
For the planning period of 25 years three variants were considered. Variants are based on the expected increase in 
the number of cyclists on the route.
The basic parameters analyzed variants are given in the following table.
Table 6. Cost-benefit analysis for 3 variants.
Variant Year Domestic 
cyclotourists
Foreign 
cyclotourists
Net present value Internal rate of return
V1 – Pessimistic 2015
2025
2035
2040
300
1,550
2,500
3,200
100
520
850
1,100
186,700.00 EUR 21%
V2 – Realistic 2015
2025
2035
2040
600
3,100
8,050
13,000
200
1,040
2,700
4,300
686,200.00 EUR 36%
V3 - Optimistic 2015
2025
2035
2040
1,200
6,200
16,000
20,500
400
2,060
5,350
6,800
1,466,500.00 EUR 64%
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For determining the net present value and internal rate of return, costs of rehabilitation of the pavement surface
were not taken into account, because the road section where the bicycle route has been defined are state or local 
roads, and maintenance of those roads are covered by state plan and budget. Construction of separated bicycle
carriageways is not planned, so this cost did not exist in establishing bicycle routes Srem.
5. Conclusions
Srem region and Fruska Gora which is located in its northern part have a very diverse and rich tourist offer and 
trails that are very favourable for the establishment of bike routes. With regard to the planning documents, existing 
infrastructure, accommodation facilities and other resources, all conditions for the establishment of bicycle routes 
Srem was fulfilled. In forthcoming period, only expenses for establishing the route Srem are placing the appropriate 
traffic signs and a network of bicycle stations and rest areas.
Analysis showed that the investment in bicycle route Srem is sustainable and economically profitable, even in a 
situation if the activities related to the establishment of bicycle routes Srem ended up after investing in the traffic 
signs, rest areas and bike stations. On the other hand, promotion of bicycle route Srem in near future will for sure 
accumulate significant benefits for the region of Srem.
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